We report the results of an extensive program with the International Ultraviolet Explorer to explore, among stars of late spectral type, the occurrence of gasdynamic flows analogous to the downdrafts of 10 5 K material observed over magnetic active regions on the Sun. To this end, we applied novel observing strategies-and specially developed filtering and co-addition techniques-to obtain high-quality, high-dispersion (0.2 A resolution), far-ultraviolet (1150-2000 A; SWP camera) spectrograms with precise wavelength scales. In parallel, we examined calibration spectra, from the platinum-neon hollow-cathode lamps on board the IUE, to test the repeatability and fidelity of the wavelength scales assigned during routine processing of the SWP echelle images.
I. INTRODUCTION For several years we and our collaborators have been acquiring high-dispersion spectra of late-type stars in the 1150-2000 A far-ultraviolet band using the International Ultraviolet Explorer (Boggess et al 1978) . One of the surprising results of our efforts (Ayres etal 1983b, hereafter Paper I) was the discovery that several of the X-ray-bright yellow giants (late F and early G spectral types) exhibit statistically significant differential redshifts between emissions characteristic of the high-excitation subcoronal transition zone (10 5 K) and those characteristic of the low-excitation chromospheric ( < 10 4 K) layers. The mean Doppler shifts can reach as much as +20 km s -1 in the resonance doublets of Si iv (1400 A) and C iv (1550 A). Superficially, they indicate a persistent, net downflow of hot gas with respect to the underlying, cooler layers.
Downdrafts of 10 5 K gas are seen commonly in high-resolution (spatial and spectral) far-ultraviolet observations of magnetically disturbed areas on the solar disk (e.g., Brueckner 1981) , and are thought to represent part of a complex circulation pattern that continually cycles plasma through the structures-magnetic loops-that comprise the coronal extensions of the photospheric active regions (cf. Pneuman and Kopp 1978) .
In Paper I, we outlined several scenarios to explain the origin of the systematic Doppler shifts. One important possibility-outside of the solar analogy-was that an outflow of gas mimicked the appearance of a net redshift by absorbing the short-wavelength edges of the emission profiles (the socalled P Cygni effect). However, a subsequent study (Ayres 1984) of the composite spectrum of Capella (a Aurigae A: G6 III + F9 III), which is dominated by the rapidly rotating F type secondary, suggested that not only were the strong, permitted resonance lines of the transition zone redshifted, but so too were the important intersystem lines Si in] XI 892.0 and C in] XI908.7. Because the latter are optically thin-and therefore immune to the P Cygni effect-their redshifts imply that the gas is genuinely flowing downward (at least for that one star).
However, some uncertainties persisted owing to possible nonuniformities in the wavelength scales assigned to the IUE SWP echellograms by the routine Spectral Image Processing System (IUESIPS). Thus, we have undertaken a wide-reaching program to (1) examine the accuracy of the IUE wavelength scales and (2) acquire far-ultraviolet spectra of improved quality using novel observing techniques in conjunction with specially developed analysis procedures.
In § II we describe the observations; in § III we outline their reduction and analysis; and in § IV we discuss their implications for understanding the dynamical state of the subcoronal layers of late-type stars.
II. OBSERVATIONS a) The Sample of Stars
For the present study, we chose a sample of seven stars, all of which have been observed previously by the IUE. Four of the stars are dwarfs: x 1 Orionis (GO V), « Centauri A (G2 Note.-Numbers in col. (1) are alternate designations for the program stars (used in Fig. 3 ). Col. (6) gives the surface gravity in cm s~2. Colons indicate uncertain values. References for stellar parameters: Paper I; Ayres etal. 1983a . V), a Centauri B (Kl V), and e Eridani (K2 V). The two components of a Centauri are "quiet-chromosphere" stars like the Sun; the other two dwarfs are considerably more "active" than the average Sun (Ayres etal. 1983a) . Two of the remaining members of the sample are X Andromedae (G8 III-IV), a single-line spectroscopic binary of the long-period RS CVn class; and ß Draconis (G2 Ib-IIa), an atypically active early G supergiant, thought to be single. We also have included the results of new observations of Capella in which high-dispersion IUE spectra at radial velocity extrema have been used to dissect, and subtract, the contribution of the relatively inactive G6 primary from that of the fast-rotating F9 secondary (Ayres 1987) . Table 1 summarizes the fundamental stellar properties.
b) The New Observations Table 2 catalogs the IUE SWP images we examined for the present study-many of which are from the Archives of the IUE -and the circumstances of the new observations. i) À Andromedae, e Eridani, and x 1 Orionis
We conducted a series of NASA-ESA collaborative exposures in 1983 September (X And, e Eri) and November (x 1 Ori), in the following manner. We acquired the target during a US 2 shift, at which time we exposed one or more longwavelength (LW; 2000-3200 À) echelle spectra while the spacecraft thermally equilibrated to its new attitude: thermal stability of the scientific instrument is essential for precise radial velocity work. We continued the LW observations into the contiguous ESA shift until the trapped particle radiation background had fallen to a negligible level. At that time, we initiated the long SWP echelle observation. Because the assignment of the wavelength scales by the IUESIPS assumes that the stellar image is precisely centered in the large (or small) aperture, we conducted the short slew from the reference point of the Fine Error Sensor (FES) into the specified aperture as accurately as possible. We continued the exposure into the following US 1 shift, and concluded it when the particle radiation background began to rise near the end of the shift. The resulting SWP exposures-up to 14 hours in duration-ranged from 20% to 200% deeper than the previous longest observations of those stars. Finally, we followed the stellar observation with an 18 s exposure of the wavelength calibration source (platinum-neon hollow-cathode lamp) on top of a 5 s TFLOOD exposure (tungsten flat-field lamp). Subsequently, in 1984 February, two additional, deep exposures of x 1 Ori were taken-using the approach described above-by T. Simon and C. Jordan in a "rotational modulation" program that was loosely coordinated with our own.
ii) ß Draconis
In 1984 October we conducted a series of observations of ß Dra in a second observing program to (1) test the reliability and repeatability of the short-wavelength (SW) echelle wavelength scales under as carefully controlled conditions as possible and (2) improve the profiles of important emission lines in the bright 1900 A "continuum" region of the early G supergiant through the co-addition of several well-exposed spectra.
On 1984 October 6, we took a 180 minute test exposure of ß Dra in order to optimize subsequent observations of the Si in] X1892.0 and C in] X1908.7 emissions, among the most prominent in the far-ultraviolet spectrum of the early G supergiant (Ayres etal 1982) . A week later, on 1984 October 14, we exposed a series of three SWP echellograms-two of 300 minutes and one of 150 minutes-during a 16 hr block of contiguous ESA and US 1 time (to ensure thermal stability of the spacecraft). We conducted each observation in two or more segments, re-centering the target image carefully at the beginning of each segment. The multiple re-centering averages the random errors associated with the short slew from the reference point into the center of the large aperture, and minimizes the effect of "roll-drift" errors ( § IIIZ>[i]2, below). The sequence of three stellar observations was followed by an 18 s WAVECAL (on a 5 s TFLOOD). On the next day, 1984 October 15, we obtained a 327 minute exposure in three segments, also followed by an 18 s WAVECAL, during the final ESA shift scheduled in the program.
III. DATA REDUCTION AND ANALYSIS
We conducted two parallel analysis efforts as part of our program to measure precise radial velocities of stellar ultraviolet emission lines: (1) a careful investigation of WAVE-CAL spectra, which provide the basis for the assignment of wavelength scales to IUE echellograms, and (2) the reduction and analysis of the stellar observations themselves. a) WAVECAL Spectra In the present configuration of the IUESIPS, the dispersion relations (polynomial functions that map the Vidicon images from pixel coordinates into wavelengths and echelle orders) periodically are updated according to a global analysis of the entire set of wavelength calibration spectra: new images are accumulated approximately bimonthly by the IUE Resident Astronomers. The important systematic effects are accomVol. 66 modated in the so-called time and temperature corrections; these adjust the leading terms (constant coefficients) of the polynomial mapping functions to compensate for short-term shifts in the wavelength scales-thought to be due to thermal flexing of the instrument-and for long-term, secular evolution of the dispersion properties. The " thermal" shifts tend to be largest when the temperature of the instrument, as measured by a thermistor on the camera-head amplifier (THDA), strays significantly away from the nominal value. Although the correlation between apparent shifts of the spectral format and the camera temperature is quite good-and adequate for most purposes-THDA measures the true flexing of the spectrometer only approximately. Thus, for the situations where the zero-point shift of the spectrum is critical-in the measurement of "absolute" radial velocities, for example-a WAVECAL should be acquired immediately following the stellar observation in order to document such shifts empirically.
A previous study of WAVECAL images (Ayres 1984) indicated that the SW wavelength scales are highly reproducible; nevertheless, individual calibration lines were found to be shifted persistently from their laboratory positions by as much as 25 mA « 5 km s -1 , suggesting the existence of local nonuniformities in the assigned wavelength scales: displacements of that magnitude are quite significant because even the most extreme of the measured Doppler shifts in the far-ultraviolet spectra of late-type stars are only a few times larger (Paper I). Since the IUE "line library" (Tumrose and Bohlin 1981) is based primarily on laboratory work of nearly a half-century ago (Shenstone 1939) , there was some concern that the apparent displacements of the calibration lines might be due to errors in the laboratory wavelengths (e.g., Ayres 1984) . i) New Laboratory Wavelengths J. Reader and N. Acquista, of the National Bureau of Standards (Gaithersberg), kindly provided us with a preliminary list of line positions measured from spectrograms, of a Westinghouse platinum-neon hollow-cathode lamp-similar to the flight models on the IUE-recorded on film using a 10.7 m normal-incidence spectrograph. The estimated precision of the new laboratory wavelengths is 3 mA « 0.6 km s -1
(1 a). Table 3 compares wavelengths from the existing IUE line library (based on Shenstone 1939) and the new NBS work. All of the 119 unique lines in the comparison are from the spectrum of Pt n. We arbitrarily divided the SW region into three -300 Á bands to test for possible systematic effects. We see from the table that the first and third bands exhibit small but statistically significant displacements between the old and new laboratory scales. The second band shows agreement between the two scales within the standard error of the comparison; however, the standard deviation for that interval is twice that of the other two bands, and three times larger than the estimated uncertainty of the NBS laboratory wavelengths. We attribute the systematic differences between the Shenstone and NBS scales to the improvements in measurement techniques and frequency standards embodied in the AYRES, JENSEN, AND ENGVOLD No. 2,1988 HIGH-TEMPERATURE EMISSION-LINE REDSHIFTS 55 latter study, while the standard deviations must reflect primarily the larger random errors of measurement in the former.
Although the uncertainties in Shenstone's wavelengths are significantly larger than in the new NBS study, and a few of the lines are shifted by as much as 6 km s -1 , a detailed comparison demonstrated that the errors in the IUE line library are too small to be the primary cause of the persistent displacements of the Pt n "spots" identified by Ayres (1984) .
A more likely source of the persistent displacements has been proposed recently by C. L. Imhoff (1986, private communication) : physical dislocations in a fiber-optic coupling in the SEC Vidicon cameras might be responsible for small-scale distortions of the recorded image, beyond the compensation ability of the low-order polynomials used in the IUESIPS dispersion relations.
Regardless of their origin, if the nonuniformities truly are persistent, then their influence on stellar "absolute" velocity measurements can be evaluated and corrected.
ii) Mapping Local Distortions of the SWP Wavelength Scales Included in Table 2 are five standard (120 s exposure) SWP WAVECAL images taken in late 1983 as part of the routine calibration program (PHCAL) of the IUE Project, and five nonstandard (18 s exposure) WAVECAL images taken over a similar period in our programs and that of T. Simon and C. Jordan. We identified a set of symmetric, unblended lines in each exposure class to serve as calibration standards: 256 for the 120 s exposures and 95 for the 18 s exposures. Here we took advantage of the substantially larger number of lines measured in the NBS Pt-Ne lamp study, compared with the existing IUE line library. We measured the reference lines in the five WAVECAL spectra of each type using an automatic line-finding and line-fitting algorithm described by Ayres (1984) . The WAVECAL images themselves were processed and calibrated in the same way as stellar spectra (see § IIIZ> below).
We next determined a mean "thermal" shift for each of the WAVECAL spectra by averaging over the appropriate sample of reference lines. Following Leckrone (1980) , who recognized that a uniform spatial displacement of the echelle format on the detector would appear as a velocity-like shift (i.e., AX/X « const) of the spectrum, we expressed the individual wavelength displacements as equivalent velocity shifts: v L = c(X obs -X lab )/X lab . In computing the average, we weighted each of the velocity shifts by the square of their empirical statistical significance, (f L /Of) 2 (here o f -the error in the measurement of the line flux-is based on the variance of the true data points from the fitted Gaussian profile using the prescriptions of Landman, Roussel-Dupré, and Tanigawa 1982) . Such a weighting emphasizes the measurements with the highest signal-to-noise ratios.
After correcting each spectrum for its mean shift, we coadded the WAVECALs by exposure class. The signal-to-noise ratios increased by a factor of nearly 3 in the co-added spectra, although that is approximately the maximum improvement to be expected in the face of persistent, systematic effects like the so-called fixed-pattern noise (see, e.g., Clarke 1981) . Figures \a and lb illustrate the co-added calibration spectra in several echelle orders of interest to the present study. The diagrams also depict the mean displacements of the reference lines (relative to the NBS laboratory wavelengths) that fall in those intervals. Figures 2 a and 2 illustrate schematically the locations in the echelle format and the velocity " shifts" of the entire set of reference lines in each exposure class.
In Figure 2 we see no clear, systematic trends in the displacements of the individual "spots" within each echelle order, aside from the tendency of those near the extreme edges of the format to be shifted in a direction away from the center of the order (reminiscent of the "pincushion" geometrical distortion characteristic of Vidicon tubes). Nevertheless, the large shifts exhibited by a few of the features (up to about 10 km s -1 ) are troubling; fortunately, however, the largest displacements seem to occur well away from the positions of important stellar emission lines.
iff) Compensation for the Local Distortions
We developed an algorithm which computes a weighted average over the apparent wavelength shifts of all of the reference WAVECAL features (from both exposure classes) within a neighborhood of radius p pixels from the center of a stellar emission line (as observed through the large aperture): Figure 2 illustrates the averaging scheme for p = 25 pixels. Table 4 provides examples of the derived corrections, and the empirical standard errors (a//V), for representative stellar emission lines and two choices of the averaging neighborhood, p = 25 and p = 50 pixels. These corrections would be applied differentially within a stellar image in addition to any "thermal" shift obtained from a contemporaneous WAVE-CAL (relative to the empirical mean wavelengths [the "template"] of the reference lines).
The corrections listed in Table 4 typically are less than a few kilometers per second; indeed, in many cases they have low statistical significance with respect to the standard error of the mean for the particular averaging neighborhood. Thus, the standard dispersion relations of the IUESIPS provide a valid reproduction of the low spatial frequency components of the true mapping function (aside from the small, systematic error of 1-2 km s -1 due to the Shenstone wavelengths). Indeed, if one constructs a mean velocity for the stellar spectrum by averaging over, for example, a set of narrow -(a) Representative wavelength intervals from co-added spectra of Pt-Ne calibration lamp, and mean displacements of selected reference lines from their laboratory wavelengths. The two intervals correspond to regions where important stellar emission lines are found: the C iv doublet near 1550 A (/eft) and the Si n triplet near 1815 Á (right). The top panel refers to standard SWP WAVECALs (120 s exposure), while the bottom panel refers to short-exposure WAVECALs (18 s), which we have used extensively in our stellar observing programs. In each panel the upper tracing is the spectrum obtained by co-adding five individual echellograms. The crosses below the spectra indicate saturation or reseau marks. Tick marks designate lines we have adopted for reference purposes: those with numerical designations are used in the standard IUE line library. While there is considerable overlap between the two collections, a few of the standard IUE lines proved to be unacceptable, usually because they are blends of two or more closely spaced components. The circles in the lower part of each panel depict the deviations of the measured wavelengths from the laboratory values, expressed as a velocity, for the adopted calibration lines. The values are averages over the set of five independent WAVECALs for each exposure class: the standard errors of the mean generally are smaller than the size of the symbol, typically less than ± 1 km s -1 . The circles are filled if more than 25% of the fitted points in the line profile were Note.
-(Vacuum) wavelengths in angstroms from Kelly 1982; displacements (8v) in kilometers per second; p is the radius, in pixels, around the location of each of the tabulated stellar emission lines in which the calibration lines, if any, were averaged (number of lines in parentheses). The uncertainty cited is either the standard error of the mean (1 s.e.) when two or more WAVECAL lines were available, or the empirical measurement error (1 s.e. of the mean of five WAVECAL images) for V = l.
a Blend of several components. emission lines taken from a variety of echelle orders, the influence of the small apparent distortions of the wavelength scale should be reduced to negligible levels. In § IIIZ>(i) below, we provide examples that substantiate the assertion.
b) Stellar Spectra
The stellar spectra we analyzed consist of two general types: images from the Archives of the IUE (often taken several years ago by us or by others in exploratory high-dispersion programs); and the new observations which we conducted under carefully controlled conditions. Because the older spectra were taken without regard to many of the precautions required to obtain accurate, "absolute" radial velocity scales, they are useful mainly for examining differential shifts of, say, high-excitation species with respect to low-excitation species. However, we did have the IUE Project reprocess for us all of the images that were extracted originally under the pre-1982 September configuration of the IUESIPS. A number of important improvements, particularly concerning the way in which the echelle dispersion relations are determined and applied, were implemented at that time (Tumrose and Thompson 1984) . Owing to the reprocessing of the images under the present configuration of the IUESIPS, the relative wavelength scales should be as accurate as those of the more recent observations.
We reduced and calibrated all of the stellar images using the same set of standard procedures (e.g., Schiffer 1982) at the Regional Data Analysis Facility in Boulder. In particular, we adopted the SWP echelle blaze correction constants derived by Ake (1982) ; an absolute calibration based on the low-dispersion inverse sensitivity curve of Bohlin and Holm (1980) as updated by Holm etal. (1982) ; and the high-dispersion to low-dispersion exposure ratios for continuum sources appropriate to the post-1982 September configuration of the IUESIPS (Cassatella, Ponz, and Selvelli 1983) . Our choice of blaze corrections and absolute calibrations affects only the fluxes of the lines, not their central wavelengths or widths. i) Analysis of Velocity Scales of Individual Images 1. Compensation for systematic errors,-The major source of identifiable systematic corrections to the IUE SWP wavelength scales are the heliocentric motion of the satellite, the radial velocity of the star, and short-term "thermal" shifts of the echelle format.
For the new observations we calculated the heliocentric velocity of the satellite using the algorithms of for the telluric component, v# (noting the misprint in his equation for V r on p. 3-10), and that of Harvel (1980) for the geocentric motion of the IUE, v SSii . We evaluated the latter using orbital elements appropriate to the epoch of observation (Broude and Bradley 1984; Imhofif and Butschky 1985) , and properly averaged i; sat over the duration of the exposure. We expressed the correction as the difference between our "exact" calculation and the approximate one in the IUESIPS (1979.89 orbital elements; + u sat evaluated at the midpoint of the exposure). The differential correction rarely exceeded 1 km s _1 in magnitude, and the uncertainty in its calculation is less than 0.2 km s" 1 (e.g., Schiffer 1982). We determined a correction for the "thermal" shift of the stellar spectrum by comparing the contemporaneous WAVE-CAL image with the "template" of empirical wavelengths for the appropriate exposure class (18 s in all cases) established in § Illtf(ii) above. Because each stellar echellogram and its companion WAVECAL were processed by the IUESIPS using essentially identical dispersion relations (including THDA compensation), the correction we obtained is differential (like that for the satellite velocity). The magnitude of the correction typically was several kilometers per second (it also includes the "Shenstone shift"), and the formal uncertainty associated with it is at the few tenths of a km s -1 level. Table 5 specifies the corrections we determined for each of the stellar observations taken in 1983 and 1984. When combined with the stellar radial velocity, the systematic corrections should adjust the wavelengths of the recorded ultraviolet emission features to the reference frame defined by the photo-HIGH-TEMPERATURE EMISSION-LINE REDSHIFTS 59 No. 2,1988 spheric absorption spectrum of the star, aside from the small, local distortions of the wavelength scales identified in § Ilia above (Table 4) . (2) is the difference between the standard correction for the heliocentric radial velocity applied during the IUESIPS processing (epoch 1979.89 orbital elements) , and the correction we have calculated using current epoch orbital elements for the IUE. Col. (3) is the mean wavelength displacement (" thermal" shift), expressed as a velocity, of the WAVECAL spectrum relative to the appropriate reference "template" spectrum (average of five 120 s or 18 s WAVECALs). Col. (4) is the total Doppler correction, v tot (km s -1 ), including the heliocentric radial velocity of the star, to place the IUESIPS-assigned wavelength scale in the reference frame of the stellar photosphere: A star = A obs -(t'totA)x ^obs-a Exposures used in constructing the reference WAVECAL spectra illustrated in Figs. 1 and 2. b Image SWP 24181 inadvertently was processed using largeaperture dispersion constants: we corrected the apparent "velocity" of the small-aperture calibration spectrum for the effective "distance" (202.5 km s _1 ) between the centers of the two slots. Note.-In cols. (2)- (4), p is the radius, in pixels, of the circular averaging neighborhoods used to quantify persistent local distortions of the echelle wavelength scales; see, e.g., Table 4 . The cited uncertainty is the quadratic sum of that due to the velocity correction (Table 5) and that due to the internal variance of the sample of low-excitation Unes (1 s.e. of the mean: typically 0.5-1.0 km s' 1 ).
corrections (Table 4 ) also are listed for comparison. Although the velocities of individual emission lines can be significantly affected by the local distortions of the SWP wavelength scales, the mean velocity of a group of well-distributed lines appears not to be. 2. Additional sources of error.-In addition to the easily identified systematic velocity corrections described in the previous section, there are two important sources of observational error that potentially can affect the wavelength scales of single IUE exposures: (1) centering errors and (2) motion of the image in the aperture owing to the slow rolling of the spacecraft around the guide star.
As noted in Paper I, centering errors can be minimized with simple precautions under the three-gyro maneuvering system that was operating throughout the period of the observations described here. The 1 or repeatability cited by Holm (1982) is 1 FES unit (0726), which is equivalent to a velocity shift of about 1.3 km s -1 if the spatial displacement is parallel to the dispersion axis. The centering of the image in either aperture probably achieves that precision for Taint" stars (F>6), although there is indirect evidence that systematic shifts of as much as V' ~ 5 km s -1 might occur for bright stars (F* 0: see, e.g., Ayres 1987) .
The roll-drift error will produce a slight motion of the image in the aperture, and a corresponding blurring and shift of the spectrum on the detector. The magnitude of the error depends sensitively on the roll trim of the spacecraft at the time of the observation, and on the distance and orientation (3) lists either the precision to which the correction (or systematic error) can be determined or the typical magnitude of the random error associated with the particular source (also in km s -1 ): (V seç refers to the number of independent segments of an exposure, for which the stellar image was re-centered in the aperture; and N L refers to the number of independent spectral features used to characterize a particular velocity (in the last row, N L =1 gives the single-line measurement error). The line measurement errors refer to narrow (FWHM < 50 km s -1 ), symmetric emission features in a moderately well exposed SWP echellogram (S/N «10 at the line peaks). The measurement errors can be significantly smaller (e.g., Table 8 ) for co-added spectra owing to the increase in S/N.
3 Assuming that the displacement is 45° to the dispersion axis. b Possibly larger (<5 km s -1 ) systematic errors for bright stars (K«0).
In the cases of the two evolved stars, \ And and ß Dra, it is less well known whether the chromospheric and photospheric velocities should be similar. The single observation of the former shows a deviation of + 5 km s -1 , significant at the 6 a level, at orbital phase 0.50, where the primary velocity should be identical to the y-velocity of the system. The four velocity-calibrated spectra of ß Dra, taken with elaborate precautions to ensure precise radial velocity scales, in two cases exhibit 3 a shifts of the low-excitation emissions with respect to the photospheric radial velocity. Collectively, the mean velocity is -3.2 ±1.6 km s -1 , where the uncertainty is the standard error of the mean (o/jN) of the four observations. However, the standard deviation, a = 3.1 km s -1 , is more than 3 times the precision of the individual velocity measurements, as indicated by the empirical standard errors of the several lines used in each: according to Table 7 , the precision of the emission-line measurements should dominate the other sources of random error. The difference between the sample standard deviation and the typical measurement uncertainty for the individual spectra cautions that an additional source of random error might be present beyond those clearly identified (see also Ayres 1984) .
We conclude that despite rather elaborate precautions to ensure the precision of the wavelength scales of IUE SWP echellograms-particularly in the case of ß Dra-repeatability of the "absolute" wavelength scale is difficult to achieve to better than ±3 km s -1 , even when the multiple re-centering strategy is employed.
of the guide star with respect to the center of the aperture. Assuming a 2'5 hr -1 roll drift, and the guide star at 750 FES units ( « 3') from the center of the large aperture, the image motion is ~ 1" in 8 hr: the effective shift of the spectrum is half the total spatial displacement, or -3 km s _1 if parallel to the dispersion axis.
In both cases, the velocity errors can be mitigated by conducting the exposure in a series of separate segments, and carefully re-centering the target image at the beginning of each segment: the multiple re-centering is particularly important for exposures exceeding 8 hr, since the roll-drift error is cumulative over time. Table 7 summarizes the several sources of systematic and random velocity error which we have described in this and the previous section. When the multiple re-centering technique is used with A^g > 3, the errors due to centering and roll-drift should be reduced well below that associated with the Gaussian fitting of the stellar emission lines.
3. Significance of "absolute" velocities derived for single images,-For the dwarf stars, where we have the experience of solar observations to guide us (e.g., Brueckner 1981), we do not expect any large differences between the mean velocities of the chromospheric and photospheric layers. Referring back to Table 6 , the single observation of e Eri exhibits such agreement within the (empirical) standard error of the mean of the emission-line measurements; however, the three spectra of x 1 Ori exhibit a significant deviation, individually and collectively, with respect to the photospheric radial velocity amounting to about +5±1 (1 s.e.) km s -1 .
ii) Co-added Spectra The most effective way to minimize the influence of random errors (and some types of systematic error) on the wavelength scales of IUE echellograms is to combine as many independent observations of a particular star as possible. Accordingly, we have developed a numerical techniquedifference filtering-that permits us to co-add multiple IUE spectra together in a systematic fashion. At the same time, the procedure eliminates many of the troublesome defects that otherwise can corrupt single images: cosmic-ray "hits," reseau marks, and saturated pixels.
1. The difference filter.-The difference filter operates on a pair of spectra as follows. First, each spectrum is registered to a common wavelength scale defined by the weighted mean velocity of a set of narrow emission features of low-excitation species. Then, one of the spectra is subtracted from the other, and the difference tracing is examined for any excursions of more than 3 times the local rms variance (calculated in a running "window" of width ~ 2 À): because most of the defects in IUE images are positive flux spikes caused by cosmic-ray hits and hot pixels, the sign of the deviation in the difference flags the offending spectrum. Finally, the two spectra are co-added, weighting by exposure time when the difference in i exp is less than a factor of 3, but omitting from the sum any regions of either spectrum which were flagged for positive spikes by the difference filter, or for reseau marks and saturation by the original IUESIPS processing. Otherwise, the shorter of the exposures is assigned zero weight, except in those areas where the longer exposure is saturated.
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When the difference filter is apphed to two spectra of comparable exposure time, it effectively eliminates particle radiation spikes. When the filter is apphed to two spectra of very different exposure time, it produces a spectrum of more uniform signal-to-noise ratio, in which underexposed regions in the short exposure are replaced by well-exposed regions from the longer exposure, while saturated portions of the latter are replaced by properly exposed regions of the former. When the two images were taken with significantly different effective radial velocities of the target, either at times of the year when the telluric velocity was significantly different or when the target was intentionally placed off-center in the large aperture (e.g., Adelman and Leckrone 1985) , the difference filter eliminates features like reseau marks and hot pixels which are "stationary^ in the reference frame of the spectrometer. Low-level "fixed-pattern" noise, pixel-to-pixel sensitivity variations, and nonlinearities in the photometric correction procedure also are mitigated by the averaging of the spectra.
2. Application to the stellar spectra.-We apphed the difference filter to the collection of spectra of each of the stars of our sample: the individual spectra were processed in pairs of like exposure time; then the filtered co-added spectra were processed in pairs, until only a final "supercomposite" spectrum remained. In the multiple filtering process, a record of the total effective exposure at each wavelength was retained; throughout the procedure new valid fluxes were added in proportion to the accumulated exposure time point by point. We experimented with the filtering of the spectra in different combinations, but there were no significant effects on the outcome.
For spectra taken through the small aperture, or near one edge of the large aperture (the case for several of the short exposures of a Cen A), we adjusted the flux scales to that of a reference large-aperture observation according to continuum fluxes in the 1800-2000 Â region measured in broad bands (typically 10 À).
Following the difference filtering, we measured the final supercomposite spectra using an interactive Gaussian fitting algorithm (see, e.g., Paper I). Uncertainties were derived in the same manner as for the WAVECAL lines ( § IIIû[ü] above). The Gaussian parameters are summarized in Tables  8A-8F.  Table 8G -differential velocities of features measured in the "pristine" spectrum of Capella "F"-was taken from a recent study by Ayres (1987) : the analysis techniques were very similar to those of the present work. We refer the reader to Ayres (1987) for complete details.
Examples of the co-added spectra are illustrated in Figures  3ß-3 /. The wavelength scale of each was registered to the reference frame of a sample of narrow, low-excitation features (as specified in Tables 8A-8F ).
IV. SUMMARY AND DISCUSSION
Our primary intent is to present high-quality observational material upon which future theoretical analyses can be based. Thus we defer to future studies a detailed discussion of the physical basis for persistent Doppler shifts in the far-ultraviolet spectra of late-type stars. Nevertheless, we do wish to make a few comments concerning the present measurements and their relation to previous work.
a) The Dwarf Stars Figure 4 a illustrates graphically the measurements summarized in Tables 8A-8D for the four dwarf stars of the sample.
i) The Permitted Lines of High Excitation
We have detected differential redshifts of the high-excitation doublets of Si iv and C iv in all of the dwarf stars for which spectra of sufficient quality are available, even in the two quiet-chromosphere dwarfs-a Cen A and a Cen B-where the levels of "activity" indicated by the surface fluxes of the high-excitation species are near the lower bounds encountered in late-type main-sequence stars. The mean redshifts of the Si iv and C iv doublets in the dwarfs are statistically significant at the 3 a level in each of the co-added spectra individually, and collectively the average redshift of 4-6 km s _1 is highly significant with respect to the standard error of the mean of the four values (±0.5 km s -1 ). Recent studies of Doppler shifts of C iv on the Sun (e.g., Klimchuk 1986 , and references to previous work therein) indicate that X1548.2 exhibits a net redshift over "quiet" areas as well as over "plage" regions where the plasma is more pervasively disturbed by magnetic activity. The centerto-limb behavior of the redshifts is consistent with largely radial downflow, with a velocity ranging from about 8 km s -1 in quiet areas to about 15 km s _1 in active regions. Thus, the disk-averaged (Sun as a star) redshift should radge from about 4 km s -1 for an entirely "quiet" Sun to about twice that value for an entirely "active" Sun. The mean redshift of the Si iv and C iv doublets in the four dwarf stars of our sample falls between these values, which is encouraging; however, we see no clear distinction between the differential redshifts of the quiet stars a Cen A and a Cen B and those of the active stars x 1 Ori and e Eri.
ii) The Intersystem Lines of High Excitation
The optically thin intersystem lines Si m] \1892.0 and C ni] A1908.7 are valuable diagnostics of flows and density (e.g., Ayres 1984 , and references therein). Nevertheless, these features are difficult to measure in dwarfs earlier than -G5, owing to their bright photospheric continua in the 1900 A region; in addition, the density-sensitive C m] emission tends to be quite weak in main-sequence stars (e.g., Ayres etal 1983ö; Jordan et al. 1987 ). In the two G dwarfs of the sample, the Si in] emission does not differ significantly in velocity from the mean of the low-excitation lines, while C m] emission is not clearly present. In both of the K dwarfs, however, À1892.0 is redshifted with respect to the low-excitation emissions at the 3 a level, or better, and a weak feature attributed to C in], also redshifted, is found in the spectrum of e Eri. In the two K dwarfs, the Doppler shift of the Si in] feature is consistent with that of the Si iv and C iv doublets to within the errors of measurement. a .
-1.6 ±2.9 1.3 ±1.5 -2.5 ±0. Notes to Tables 8A-8G  Line parameters Tables 8E-8G for the three evolved stars of the sample.
The clearest differences in our sample are between the dwarfs and the giants, as noted in Paper I. The differential redshifts of the Si iv and C iv doublets increase by a factor of 3 over the entire range from the average of the four dwarfs ( + 6 + 0.5 km s -1 ); to the subgiant X And ( + 8 + 2); to the ordinary giant a Aur Ab ( +13 + 4); to the supergiant ß Dra ( +18 + 5). Indeed, the standard errors of the means of the last two values are somewhat misleading, since they reflect the large deviation of the C rv X1548.2 component in those two stars from the average velocity of the other member of the multiplet (X1550.8) and the Si rv doublet (XX1393.8,1402.8): the difference amounts to 13 + 3 km s -1 for a Aur Ab and 22 + 4 km s -1 for ß Dra. The anomalous behavior of X1548.2 most likely is not instrumental in origin: there is no consistent deviation in its velocity compared with the other three lines in any of the dwarf stars of our sample. Instead, the large differential shift of XI548.2 probably is due to properties of the atmospheres of the two giant stars, combined with the way in which we measured the line profiles. The C rv XI548.2 emission of a Aur Ab clearly shows an asymmetric, redshifted peak relative to the body of the line profile (see Ayres 1987) , while the core of the C rv profile of ß Dra exhibits what appears to be a central reversal or absorption. When measuring the line profiles, we made no attempt to account for such asymmetries: we simply fitted least-squares Gaussians to the body of the emission.
It is possible that the C iv lines of the two giants are mildly optically thick, and therefore susceptible to P Cygni-like influences: such effects can mask inherent Doppler shifts that would be revealed clearly in the optically thin case. However, a definitive dissection of such asymmetries probably is beyond the resolving power and sensitivity of the IUE, and is best deferred to future instruments like the High Resolution Spectrograph (HRS) of the Hubble Space Telescope.
ii) The Intersystem Lines of High Excitation Although the potentially optically thick profiles of C iv XI548.2 present some difficulties in interpretation in the luminous stars, the optically thin Si in] and C m] emissions should not. In the giant stars, the Si m] and C m] emissions -particularly the latter-are much more pronounced than in the dwarfs, presumably owing to the decreased atmospheric densities. Consequently, the line profiles exhibit high contrast against the photospheric continua in the 1900 A region, and are easy to measure, even in the F type spectrum of Capella.
In the late G subgiant X And, the Si in] velocity is not significantly different from that of the low-excitation lines, while the C m] emission is blueshifted by 6 km s -1 at the 3 a level. In the two giant stars-a Aur Ab and ß Dra-the Si hi] emission is redshifted significantly with respect to the C in] velocity by 6-8 km s -1 , while in both cases the C m] emission itself is redshifted significantly with respect to the low-excitation lines by 5-6 km s -1 . Neither of these conclusions-Si m] redshifted with respect to C in], and C m] redshifted with respect to ü low _ ex -is affected if one applies the "neighborhood" compensation for the local distortions of the wavelength scales, although the Si in] redshift increases by 5 km s -1 for the particular case of the p = 25 pixel scenario (see Table 4 ). The result for Capella "F" would not be affected, however, because the individual spectra forming the supercomposite were acquired at a wide range of physical positions on the detector (by offsetting the stellar image in the large aperture: see Ayres 1987), thus the "neighborhood" correction is irrelevant.
The large redshift of Si ni] XI892.0 in both of the giant spectra is comparable to, although typically somewhat smaller than, the mean redshift of the Si rv and C iv doublets in those stars. The fact that the optically thin Si m] emission is redshifted strongly suggests that the transition-zone gas in those stars genuinely exhibits a net downflow (presumably compensated by an upward mass flux at much cooler or much hotter temperatures, "invisible" in C rv). The fact that the C in] emission is less redshifted than Si m] suggests that the downflowing gas has a higher density than the ambient transition zone. However, the differential shift might possibly be due to a systematic distortion-an underlying absorption Table 1 for association of star names with numerical designations) containing a number of important low-excitation features which form in the deep chromosphere ( ~ 6 X10 3 K), as well as the resonance multiplet of C H which forms near 2xl0 4 K. The filtering and co-addition procedures have eliminated many of the troublesome defects of IUE images, particularly cosmic-ray "hits." For any residual reseau marks and saturation, the affected fluxes have been set to zero and flagged by crosses immediately below the spectral tracing. Tick marks indicate the laboratory wavelengths of important stehar emission lines in the frame of reference of a set of low-excitation features primarily from multiplets of neutral carbon, oxygen, and sulfur. Where there is significant overlap between adjacent echelle orders (e.g., near 1306 A), both have been plotted, (b) Same as (a), for two of the giant stars of our sample. Note the deep absorptions in the principal resonance lines of O I (1302.2 Â) and C n (1334.5 Â) in the upper spectrum (ß Dra): usually both of these features are corrupted by unfortunately placed reseau marks (see, e.g., the lower spectrum), but such artifacts are eliminated in the co-added spectrum of the early G supergiant. The deep absorptions represent interstellar features, although the weaker absorptions in the secondary components of the O I triplet (AA.1304.9, 1306.0) very likely represent self-absorptions (i.e., formed within the stellar atmosphere itself), (c) Same as {a), for the spectral intervals containing the important high-excitation resonance doublets of Si iv and C iv in the dwarf stars. -{a) Summary of differential velocity shifts in the co-added spectra of the four dwarf stars, as measured by a least-squares Gaussian fitting procedure. The Doppler shifts are expressed relative to the weighted mean velocity of a sample of low-excitation features: these are indicated by filled circles. The error bars on the velocities were derived from the quality of the fitted Gaussian profiles, and represent 1 a. The size of the symbols is proportional to the measured FWHM according to the legend in the upper left-hand comer of the diagram. All of the dwarf stars exhibit evidence for slight, but statistically significant, redshifts of the Si iv and C iv doublets, (b) Same as (a), for the giant stars of the sample, including measurements from a recent study of the active F type secondary of the Capella system. For the giants, the apparent redshifts are larger than in the dwarfs, aside from the anomalous behavior of C rv A1548.2. Note also that the optically thin Si m] A1892.0 feature tends to be more redshifted than C m] A1908.7, and that the strong, low-excitation lines of O I, Si n, and C n become progressively more redshifted with increasing luminosity among the giant stars. In the latter, very optically thick lines, the P Cygni effect probably operates, and the apparent redshifts might mask a substantial outflow of gas at chromospheric temperatures.
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pattem, for example-in the photospheric background against which the C m] (and Si m]) emission is viewed in both Capella and ß Dra. c) Physical Implications of the Redshifts As was pointed out in Paper I, the faster downflows in the stars of lowest surface gravity are quite unexpected, and require that the gas, if free-falling, must traverse a proportionately greater vertical distance on the giants than on the dwarf stars. Consequently, if the downdrafts on the giant stars are confined to magnetic structures, as appears to be the case on the Sun based on high-resolution studies (e.g., Klimchuk 1986) , then the minimum heights of the magnetic "loops" must be quite large, approaching a few percent of the stellar radius in the case of ß Dra (Paper I).
Alternatively, Boris and Mariska (1982) have suggested that the flows in solar magnetic loops are driven by an asymmetric heating function: in their scenario, the magnitude of the flow is proportional to the asymmetry of the heating, and thus bears no direct relation to the physical dimensions of the magnetic structures.
d) Unresolved Dynamics
Finally, it is worth stressing the enormous widths of the stellar high-excitation emission lines, in both the dwarfs and the giants, with respect to the comparatively small, subsonic Doppler shifts: the widths typically are an order of magnitude larger than the redshifts. Figure 5 illustrates the dichotomy.
In the dwarf stars, the " turbulent" velocities indicated by the Doppler widths are near-sonic (e.g., Ayres etal 1983u) ; in the giants, they are highly supersonic. Tlie substantial line broadening, increasing with luminosity class, reveals a highly dynamic transition zone for which the well-organized downflows-and associated enthalpy fluxes-are only one component of a very likely complex energy budget. Because much of the gasdynamic activity probably occurs on rather small spatial scales, substantial progress in understanding the physical basis of the flows almost certainly must devolve from careful examinations of solar active regions. Nevertheless, even the superb "Dopplergrams" acquired during the Solar Maximum Mission (cf. Klimchuk 1986) admit to a range of interpretations, largely owing to the lack of an internal wavelength reference (like that of the IUE) to establish the zero point of the velocity scale. 4 K: the size of the symbol is proportional to the approximate temperature of formation according to the legend in the upper left-hand comer of the diagram. Filled circles represent the dwarf stars; open circles, the giants. Note the tendency for the line width to increase with the redshift (aside from the anomalous C iv \1548.2 features in the three giants where high opacity might influence the profiles through the P Cygni mechanism). There is a similar tendency among solar magnetic active regions for enhanced widths of the -in that case optically thin-C iv \1548.2 emission to be associated with larger than average redshifts (e.g., Athay et al. 1983 ). e) For the Future It is ironic that the present generation of stellar ultraviolet spectroscopic experiments (i.e., the IUE, which now is a decade old) have much more rehable "absolute" wavelength scales than the most recent solar experiments. The precision of the stellar observations will be improved substantially with the advent of the HST/HRS, but no comparable spectroscopic capability is planned for the next decade of facility-class space experiments in solar physics.
Thus, the exploration of the properties of gasdynamic flows in transition zones most likely will fall to intense examinations of high-dispersion, far-ultraviolet spectra of stars, in the absence of the high spatial resolution studies of the morphology and temporal evolution of active-region flows on the Sun which otherwise would complement the stellar data sets.
